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STRATOSPHERIC OZONE DEPLETION 


Issue Context 


Ozone is a naturally occurring gas that is found 
in trace quantities throughout the atmosphere but is 
most abundant in the stratosphere, at an altitude of 
20-40 km, where it forms the stratospheric ozone 
layer. This layer of ozone varies naturally in density. 
It shields the earth’s surface from extreme intensities 
of ultraviolet radiation and influences the heating and 
cooling of the Earth and its atmosphere. 


Depletion of the stratospheric ozone layer has 
been linked to the action of a number of manufac- 
tured chlorine and bromine compounds. Their long 
lifetimes allow them to penetrate the stratosphere, 
where they eventually break down, releasing ozone- 
depleting chlorine and bromine. Investigations of the 
seasonal antarctic ozone “holes” and other studies 
have confirmed the involvement of these chemicals 
in stratospheric ozone destruction. 


As stratospheric ozone diminishes, increased 
intensities of ultraviolet radiation — particularly the 
more energetic UV-B wavelengths — are expected at 
the Earth’s surface. Excessive exposure to UV-B 
radiation is known to increase the incidence of sun- 
burns, skin cancer, cataracts, and damage to the 
immune system in humans, to reduce the yields of 
crops, and to cause disruption of marine food chains. 
Reduction of stratospheric ozone could also con- 
tribute to changes in world climate patterns. 


The Montreal Protocol of 1987 and subsequent 
amendments have set timetables for phasing out the 
production of the major ozone-depleting substances. 
Eighty-six countries, including Canada and all major 


producers of ozone-depleting substances, had ratified 


the Montreal Protocol as of September 1992. 
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The issue of stratospheric ozone depletion can be 


represented by a sequence of indicators, beginning 
with the production of ozone-depleting chemicals and 
ending with the effects of increased levels of ultravio- 
let-B radiation. 


STRATOSPHERIC OZONE DEPLETION 
INDICATORS 


Stratospheric 
ozone amount 


Atmospheric UV-B 
concentrations : F 
intensit 
of CFCs y 


Attributable 
incidences of 
skin cancers, altered 
first level of the 
food chain, etc... 


Domestic supply 
of 
ozone-depleting 
substances 


ivi 


Canada 


1992 


Indicator: Canadian domestic supply of ozone- 


depleting substances. 


Indicator: Global atmospheric concentrations of 


CFC-1I and CFC-12. 


Indicator: Stratospheric ozone levels over Canada. 
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Further indicators may be introduced at a later 
date to measure (1) trends in the intensity of UV-B 
reaching the earth’s surface; and (2) effects of 
increasing UV-B intensities on human health and on 
food production in Canada, once statistically reliable 
data bases have been established. 


INDICATOR: 
CANADIAN DOMESTIC SUPPLY OF OZONE-DEPLETING SUBSTANCES 


Domestic Supply of Ozone-Depleting Substances in Canada 
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GDP: Gross Domestic Product 


GDP in 1986 Can. $ (billions) 
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Source: Commercial Chemicals Branch, Environment Canada; Statistics Canada. 


Canadian domestic supply (production plus 
imports minus exports) of ozone-depleting sub- 
stances has decreased by 53%, from a peak of 
27.8 kilotonnes in 1987 to 13 kilotonnes in 1991. 


The trend in domestic supply of ozone-depleting 
substances tends to parallel an increase in eco- 
nomic activity, as represented by the Canadian 
GDP, up to 1987 but declines in relative terms 
thereafter. 


Individual ozone-depleting substances vary con- 
siderably in their capacity to destroy ozone. To 
reflect the combined destruction capacity of all 


ozone-depleting substances more accurately, the 
total for each chemical has been weighted in pro- 
portion to its ozone-depleting potential relative to 
CFC-11. 


The ozone-depleting substances in this indicator 
include chlorofluorocarbons, halons, methyl] chlo- 
roform, carbon tetrachloride and hydrochlorofluo- 
rocarbons, but not methyl bromide for which data 
are unavailable. 


Canada accounted for just under 2% of the 
world’s supply of CFCs and halons in 1986. 


_Global supply of CFCs and halons declined by 


31% from an estimated 1260 kilotonnes to 870 
kilotonnes between 1986 and 1990. 


At the end of 1990, countries that had ratified the 
Montreal Protocol accounted for about 93% of 


world supply of CFCs and halons. Other coun- 


tries, including India and China, have since rati- 
fied the protocol. 


CFCs are the most widely used and abundant of 
ozone-depleting substances. 


INDICATOR: 


GLOBAL ATMOSPHERIC CONCENTRATIONS OF CFC-11 AND CFC-12 


Global Atmospheric Concentrations of CFC-11 and CFC-12 


 ») 


= 
Q 
a 
~~ 
(= 
fs) 
= 
© 
— 
= 
= 
® 
iS) 
S 
fo) 
oO 


1981 1983 1985 1987 


ppt = parts per trillion 
Source: Elkins, et al., NOAA, Boulder, Colorado, U.S.A. 


™@ This indicator tracks the magnitude and rate of EB itis technically difficult to report on all CFCs in 
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change of the atmospheric reservoir of the most 
abundant ozone-depleting substances. Because of 
the long lifetimes of these chemicals and the 
quantities still contained in cooling systems and 
rigid foams, with the potential to escape, these 
chemicals will persist in the atmosphere for 
decades. There is therefore concern that CFCs 
will continue to cause stratospheric ozone deple- 
tion long after their production has ceased. 


the atmosphere. However, CFCs -11 and -12 
account for half of the ozone-depleting chlorine 
in the atmosphere. 


Global atmospheric concentrations of CFC-11 
and CFC-12 have increased steadily since mea- 
surements began in 1977. However the rate at 
which CFC-11 has been increasing has slowed 
since 1989. 


“INDICATOR: 
STRATOSPHERIC OZONE LEVELS OVER CANADA 


Stratospheric Ozone Levels for Three Canadian Cities 
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Stratospheric ozone levels over Toronto and 
Edmonton have declined by about 4% since the 
late 1970’s. These observations are consistent 
with results from other mid-latitude stations in the 
northern hemisphere. The trend is less clear for 
Resolute. 


The observed decline over Canada is still consid- 
ered to be within the range of natural ozone fluctu- 
ations and has not yet been conclusively attributed 
to the effects of manufactured ozone-depleting 
substances. 


The data have been statistically smoothed over a 
two-year period to adjust for natural fluctuations 
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due to the biennial oscillation of stratospheric 
wind patterns. Other natural factors affecting 
ozone levels include seasonal changes in solar 
radiation, the 11-year sunspot cycle, the sporadic 
El Nifio Southern Oscillation every 3—5 years, and 
volcanic eruptions. 


The indicator measures total ozone, which 
includes tropospheric (the air between the earth’s 
surface and the stratosphere) as well as stratos- 
pheric ozone. Stratospheric ozone accounts, on 
average, for about 90% of the total ozone column. 
Increases in tropospheric ozone as a result of 
urban air pollution may partially mask a decline in 
stratospheric concentrations. 
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The indicators in this bulletin are part of a national 
set of environmental indicators designed to provide a 
profile of the state of Canada’s environment and mea- 
sure progress towards sustainable development. 


issue Context 


Over the years, serious concerns have been raised 
about the intensity of fishing on Canada’s coasts. 
Populations of various fish species have been fluctu- 
ating significantly as a result of harvesting pressure 
and natural variations. Current knowledge and 
understanding of mechanisms that contribute to bio- 
logical capacity and population fluctuations of differ- 
ent fish stocks are incomplete. A sustainable 
development strategy would attempt to balance the 
various demands for fish species, taking into account 
natural ecosystem and species population fluxes to 
assure future productivity of fish resources and eco- 
logical diversity. 


The Pacific herring fish stocks of Canada’s west 
coast are a marine resource that is highly valued 
internationally, provides employment for thousands 
of Canadians and a way of life for numerous coastal 
communities, and contributes millions of dollars to 
Canada’s economy. Pacific herring is, itself, a 
regional indicator of marine resource sustainability 
carrying national significance. 


@ A small silver-coloured fish, Pacific herring are 
the most abundant fish species in Canada’s 
Pacific coastal waters. About 500 linear km of 
British Columbia’s coastline turn milky-white 
every March and April, as a result of the her- 
ring’s release of countless sperm around the eggs 
(roe) spawned on algal beds. 


@ Central in the marine food web, Pacific herring 
are a key fish prey contributing 30 to 70% to the 
summer diets of Chinook salmon, Pacific cod, 
lingcod, and harbour seals in southern B.C. 
waters. Herring eggs constitute an important part 
of the diets of migrating seabirds and gray 
whales, and invertebrates. 
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MARINE RESOURCES: 
HERRING FISH STOCKS 


@ The wholesale market value of herring roe in 
1993 was $180 million, second only to Sockeye 
salmon. The herring fishery in recent years has 
employed up to 6000 people from February 
through June, with almost 1200 vessels parti- 
cipating. 


@ Pacific herring are important to Native peoples, 
other Canadians, and Japanese as traditional 
food, delicacies, fishing bait, and food for zoos 
and aquariums. Herring roe called kazunoko, a 
traditional Japanese delicacy, sells for $120 to 
$150 per kilogram in Japan. 


M@ Pacific herring spawn in coastal areas, requiring 
abundant algal beds and uncontaminated waters. 
A growing concern is a threat by coastal develop- 
ment to the spawning habitat of Pacific herring. 


The status and trends of Pacific herring stocks 
are tracked by key representative indicators of human 
activities (commercial catch), stock condition 
(spawning biomass), and economic effects (landed 
value). As adequate data become available for other 
indicators, other components of this cycle will be 
described in bulletin updates. 


Stock 
condition 


Natural 
factors 


Economic & 
ecological 
effects 


activities 


Societzi 
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Pacific Herring Fish Stocks, September 1994 


INDICATOR: 


ABUNDANCE (SPAWNING BIOMASS) OF PACIFIC HERRING STOCKS 


Spawning biomass (tonnes) 


Spawning biomass (tonnes) 
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Spawning biomass (tonnes) 


Spawning biomass (tonnes) 
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Source: Fisheries and Oceans Canada, Nanaimo, B.C. 


West Coast Vancouver Island 


As of 1993, the stock was considered in average 
condition, having rebuilt rapidly to a spawning 
biomass of 26 000 tonnes after the closure in 
1967. 


A period of warm ocean conditions resulted in 
poor survival of young herring in the late 1970s 
and a subsequent large decline of spawning fish in 
the early 1980s (see page 6 ). 


Strait of Georgia 


The stock is considered in good condition; the 
spawning biomass was at a record high level of 
80 000 tonnes in 1993. This is a result of succes- 
sive strong year-classes in 1983, 1985, 1987, and 
1989. In the early 1980s, the spawning biomass 
was again relatively low. 


Central Coast 


This stock is considered in good condition. Two 
very strong year-classes in 1985 and 1989 con- 
tributed to the record high spawning biomass of 
50 000 tonnes in 1993. 


Since the 1960s, this stock has steadily increased, 
although there have been several temporary 
declines in biomass. 


Prince Rupert 


The 1993 spawning biomass of about 20 000 
tonnes is considered in average condition for this 
stock. 


Survival of young herring was average or below 
average in the 1970s, and spawning biomass 
showed very slow rebuilding, in spite of limited 
fishing pressure. Strong year-classes in 1977, 
1981, 1985, and 1986 have contributed to more 
rapid biomass increases through the 1980s and 
1990s. 


Queen Charlotte Islands 


In 1993, this stock was in poor condition, with a 
spawning biomass of only 11 000 tonnes. 


From the 1960s to 1970s, spawning biomass went 
from record low to record high levels. Survival of 
young herring has been generally poor in the 
1980s and 1990s, except for strong year- 
classes in 1977 and 1985. This explains the peak 
biomass in the early 1980s. 


Pacific Herring Fish Stocks, September 1994 


The biology and status of Pacific herring stocks 


Pacific herring stocks are named after their geo- 
graphical spawning areas - West Coast Vancouver 
Island, Strait of Georgia, Central Coast, Prince 
Rupert, and Queen Charlotte Islands. 


Pacific herring generally spawn annually begin- 
ning at age three. Survival and abundance of a her- 
ring year-class (herring born in the same year) vary 
considerably owing to complex ocean factors, 
including predators. These, in turn, primarily deter- 
mine whether the biomass of spawning herring 
increases or decreases. One or more successive 
strong year-classes produce an increase in the 
spawning biomass after three years. 


In the mid-1960s, the abundance of all stocks 
underwent a drastic crash, as clearly shown by the 
estimated biomass of spawning herring. The crash 
was caused by a combination of intense harvests and 
unfavourable ocean conditions coastwide. 


Fishing was stopped in 1967, environmental 
conditions improved, and the spawning biomass of 
all stocks rebuilt quickly in the 1970s. In 1993, 
most stocks were in good condition; their abundance 
equalled or exceeded historic levels. 


The current conservative harvesting rate lessens 
the combined effects of environmental factors and 
commercial fishing on herring abundance. This, in 
turn, enhances the longterm sustainability of the 
Pacific herring resource. 


Importance of adult Pacific herring 
in predators’ diets — 
West Coast Vancouver Island 
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Source: Fisheries and Oceans Canada, Nanaimo, B.C. 


Threats to the herring’s habitat 


Pollution and other coastal human stresses, par- 
ticularly near coves, inlets, and estuaries, can 
destroy, contaminate or alter algal beds used by 
spawning herring thereby affecting herring survival 
and growth. In British Columbia, the evidence for 


Major spawning areas of Pacific 
herring stocks in British Columbia 
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such local impacts on a herring stock and its spawn- 
ing grounds is, in part, circumstantial, because the 
herring return to spawn in the same general, but not 
specific, location each year. 


Some significant losses of herring spawning 
habitat have been recorded within the Strait of 
Georgia, a region of the province’s greatest human 
settlement, industrial development, and marine 
transport. For example, herring spawned repeatedly 
in Nanaimo Harbour, nearby Newcastle Channel, 
and Ladysmith Harbour until 1950, but not since. 
The Nanaimo Harbour foreshore has been com- 
pletely altered by urban development, and 
Ladysmith Harbour has become an important site 
for log storage over the last several decades. 
Herring have not returned to spawn in Pender 
Harbour, 70 km north of Vancouver, since 1977; this 
locale has experienced waterfront residential growth 
over the past two decades. 


Fisheries and Oceans Canada scientists currently 
are assessing this and other evidence of herring 
habitat losses along the B.C. coast. Their analyses 
may show trends that can be reported as new envi- 
ronmental indicators in bulletin updates. 
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INDICATOR: 
ECONOMIC VALUE OF PACIFIC HERRING 


Landed value of commercial catch of Pacific herring (1935 - 1993) 


Commercial catch (000s tonnes) 
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Source: Fisheries and Oceans Canada, Vancouver, B.C. 


M Since 1982, the value has generally been well 
above $40 million although the current “roe” 
fishery harvests only about one-tenth the her- 
ring caught during the “reduction” fishery of the 
1960s. 


M@ The landed value of the commercial catch has 
fluctuated widely over the past five decades 
reaching an historic high in 1979 of about $150 
million. Declining stocks and catches reduced 
the landed value in the early 1980s. Since then, 
stable catches, increases in product quality, and 
a favourable exchange rate with Japan has 
resulted in increases 1n the landed value of the 
roe fishery. 


Pacific herring resource in a sustainable manner. 


Chronology of significant events 

Year Event, decision, or action 

1877 First recorded commercial catch 

1936 Establishment of catch quotas on south coast her- 
ring stocks 

1941 Establishment of catch quotas on north coast her- 
ring stocks 

1967 Reduction fishery closed coastwide to conserve 
dwindling stocks 

1971 Beginning of experimental roe fishery 

1972 Beginning of commercial roe fishery 
Introduction of optimal escapement policy for fishery 
management 

1974 Limited entry of fishers into the fishery introduced 

to manage fishery 


@ ~<& Commercial catch 
Ge 


The following events, decisions, and actions illustrate the growing intention of government and industry to manage the 


~@- Landed value 


Landed value (1986 million $Cdn) 


1985 1991 


M Canada is the major exporter of roe to Japan, the 
world’s largest and only market, because B.C.’s 
herring roe is of such high quality. The car- 
casses of the herring left over after roe removal 
are reduced into fertilizer and animal feed. 


@ In 1991, on average, herring contributed 
$214 500 to gross income of a herring boat, 
while other species, mainly salmon, accounted 
for $146 500 per boat. 


M The roe fishery has extensive spin-offs for 
B.C. fishery workers and processors, resulting 
in thousands of additional jobs in the labour- 
intensive processing of the roe and other herring 
products. 


1975 Beginning of commercial production of herring roe 
spawned on kelp 

1983 Introduction of fixed 20% harvest rate policy and 
area licensing to manage fishery 

1985 West Coast Vancouver Island roe fishery closed 
for one year due to low biomass caused by natural 
factors 

1986 West Coast Vancouver Island and Strait of Georgia 
roe fisheries closed for one year due to-low biomass 
caused by natural factors 

1988 Queen Charlotte Islands roe fishery closed for one 
year due to low biomass caused by natural factors 

1994 Queen Charlotte Islands roe fishery closed for one 
year due to low biomass caused by natural factors 
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INDICATOR: 


COMMERCIAL CATCH OF PACIFIC HERRING 


300 


Commercial catch of all Pacific herring stocks (1951 - 1993), 
in relation to spawning biomass 
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Source: Fisheries and Oceans Canada, Nanaimo, B.C. 


M Until the late 1960s, herring were harvested and 


processed (reduced) into low value products, such 
as fish meal and oil. This “reduction” fishery 
caught very large quantities of herring, up to 
250 000 tonnes in one year, greatly exceeding the 
estimated biomass left alive to spawn. 


By 1965, nearly all major herring stocks had been 
discovered, and most of the older spawning fish 
had been removed from the populations by over- 
fishing. This removal coincided with some natu- 
rally weak year-classes, drastically reducing the 
herring left to spawn to only 15 000 tonnes coast- 
wide. 


The commercial fishery could not be sustained 
and collapsed. In 1967, the federal government 
stopped all B.C. commercial herring fishing 
for four years, except traditional food and bait 
fisheries. 


Many fish stocks can be irreversibly damaged by 
low spawning biomass over a series of years. 
Fortunately, herring belong to a group of fish 
species which may recover dramatically from a 
reduced population size and has rebuilt to 100 000 
to 200 000 tonnes. 


By 1972, a new fishery began to harvest herring 
for its roe. This roe fishery catches fewer fish 
than was taken in the “reduction” fishery, averag- 
ing 35 000 tonnes per year. 


Native peoples are also active participants in the 
food and commercial roe fishery. In 1991, they 
owned about one-quarter of the herring roe fleet 
vessels and almost 75% of the licenses to harvest 
roe spawned on kelp. 


M The size and use of the commercial catch of 


Pacific herring have changed dramatically over 
the past four decades. 


The five Pacific herring stocks are harvested and 
managed solely by Canada: no other countries 


Since 1983, catches have not been permitted to 
exceed 20% of each stock’s spawning biomass, 
as forecasted annually. The fishery can be closed 
should stock abundance fall to low levels. The 
general goal is to produce a low volume of a 
high-quality product, judged to be both economi- 


fish these stocks. cally profitable and ecologically sustainable. 
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Pacific Herring Fish Stocks, September 1994 


The influence of natural factors: 
Ocean climate, predators and 
the West Coast Vancouver Island 
herring stock 


Survival and growth of Pacific herring are sensi- 
tive to natural fluctuations in ocean climate and ecol- 
ogy. It is necessary to understand this complex 
interplay to resolve the added effects from pollution 
and fishing; thereby sustaining herring stocks into the 
future. 


One of the more important natural factors is ocean 
temperature, which influences herring survival and 
growth directly, and also indirectly by altering the 
abundance of herring predators, principally Pacific 
hake. Waters off the West Coast Vancouver Island 
undergo alternate warm and cool periods (Figure 1). 
Warm periods since 1976 have been intensified by 
strong El Nifio events. 


Figure 1. Sea surface temperature off the 
west coast of Vancouver Island 
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Source: Fisheries and Oceans Canada, Sidney, B.C. 
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During these warm periods, survival and growth 
of young herring are weak due to the abundance of 
Pacific hake and the high water temperature, fre- 
quently associated with El Nifios. Strong El Nifio 
events further reduce young herring survival because 


large numbers of Pacific mackerel migrate north into 


B.C. waters and feed on herring, salmon, and other 
species during the summer. The result is a decline in 
spawning biomass of the West Coast Vancouver Island 
herring stock because fewer young herring survive to 
join the spawning stock. Conversely, survival and 
growth are relatively strong when the summer bio- 
mass of hake is low and the annual water temperature 


_ is cool, in the range of 10°C. 


Natural predators, rather than the fishery catch, 
account for most herring mortality. The eight most 
abundant predatory fish harvested off the West Coast 
Vancouver Island devour an estimated combined aver- 
age of 45 000 tonnes of herring each year. This is six 
times greater than the average annual herring fisheries 
harvest of this stock (Figure 2). 


Figure 2. Predation and fishery harvest of 


West Coast Vancouver Island herring stock 
10) >= 
@ Eaten by predators 
> 807 LJ Caught by fishery 
o> ® 
22604 
os 
E 8 405 
aS 
< 20 


[o) 
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Source: Fisheries and Oceans Canada, Nanaimo, B.C. 
Note: Commercial fishery closed 1985-1986, and other 
catch < 1,000 t. No data for 1984. 
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These indicators are part of a national set of environ- 
mental indicators. This bulletin is the first in a series on 
marine resources. A TECHNICAL SUPPLEMENT TO 
THIS BULLETIN IS ALSO AVAILABLE. 
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Ozone Depletion 


The key indicators for the issue of stratospheric ozone depletion are: New supplies of 
ozone-depleting substances; Global atmospheric concentrations of ozone-depleting 


substances, and; Stratospheric ozone levels. 


This introduction provides context for 
environmental indicators of stratos- 
pheric ozone depletion both globally 
and in Canada, as identified in the 
cycle diagram. 


ISSUE CONTEXT 


Why is stratospheric 
ozone depletion an issue? 
Ozone is a naturally occurring gas 
that is found in trace quantities 
throughout the atmosphere but is 
most abundant in the stratosphere, 
at an altitude of 20-50 km, where 

it forms the stratospheric ozone 
layer. This layer of ozone is spread 
very thinly. It shields the Earth’s sur- 
face from extreme intensities of ultra- 
violet radiation and influences the 
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Supply of ozone-depleting 
substances (ODS) 


Stratospheric 
ozone levels 


Depletion of the stratospheric 
ozone layer continues to be a 
concern. It has been linked to the 
action of a number of manufactured 
chlorine and bromine compounds- 
namely, chlorofluorocarbons (CFCs), 
halons, methyl chloroform, carbon 
tetrachloride, methyl bromide and 
hydrochlorofluorocarbons (HCFCs). 
Their long lifetimes allow them to 
penetrate the stratosphere, where 
they eventually break down, releasing 
ozone-depleting chlorine and 
bromine. These products are used 
in air-conditioning, refrigerants, 
foams, aerosols, solvents and fire 
extinguishers. Investigations of the 
seasonal Antarctic ozone “holes” 
and other studies have confirmed 
the involvement of these chemicals 
in stratospheric ozone destruction. 


ENVIRONMENTAL 
CONDITION 


ECOLOGICAL AND 
SOCIO-ECONOMIC EFFECTS 


(No indicator) 


SOCIETAL RESPONSE 


avd 


Canada 


Stratospheric ozone depletion in 
turn has been linked to increased 
levels of ultraviolet-B (UV-B) radia- 
tion over Antarctica, Australia, and 
New Zealand, as well as Canada 
(Toronto) and mountainous regions 
of Europe. Measurements over 
Toronto during the last six years 
suggest that it may be possible to 
propose a preliminary indicator for 
UV-B intensity in the near future. 
The scope could then be extended 
to provide a national indicator. 

Excessive exposure to UV-B 
radiation is known to cause sunburn, 
depression of the immune system and 
benign skin tumours. It is also linked 
with melanoma and increases the 
risk of developing cataracts in some 
outdoor occupations. There is also 
concern that increased UV-B may 
reduce crop yields and disrupt marine 


food chains. For example, preliminary 


research on UV-B effects suggests 
that changes in phytoplankton 
morphology and reproduction in 
Antarctica may be linked to reduced 
stratospheric ozone levels. Reduction 
of stratospheric ozone could also 
contribute to changes in world 
climate patterns. 


Societal response 

Globally 

The Montreal Protocol of 1987 and 
subsequent amendments set timetables 
for phasing out the consumption! 

of the major ozone-depleting sub- 
stances. More than 130 countries, 
including Canada and all major 
producers of ozone-depleting sub- 
stances, have ratified the Montreal 
Protocol to date. 

Canada has participated in the 
series of follow-up meetings associat- 
ed with the Montreal Protocol, in 
which agreement has been reached 
to accelerate the phaseout of the 
new supplies of ozone-depleting 
substances. The most recent meeting 
was in Nairobi, in October 1994. 
Consumption of CFCs, carbon 
tetrachloride, and methyl chloroform 


will now cease by January 1, 1996; 
consumption of halons ceased by 
January 1, 1994. 

Less damaging substitutes, chiefly 
hydrochlorofluorocarbons (HCFCs), 
are being introduced to replace 
CFCs. On average, HCFCs have 
about 3% of the ozone-depleting 
potential of CFCs. HCFCs, in turn, 
will be phased out by the year 2030. 
Developing countries that are signa- 
tory to the Montreal Protocol have 
been given an additional 10 years to 
reach most of these phaseout targets. 

Canada hosts the Secretariat for 
the Montreal Protocol’s Multilateral 
Fund, designed to help developing 
countries reduce their consumption 
of ozone-depleting substances. 
Canada has also established bilateral 
agreements for technology and 
information transfer with China, 
Brazil, and Venezuela. 

The scientific community now 
also recognizes that methyl bromide, 
a pesticide and soil fumigant, 
contributes to ozone depletion, 
and agreement has been reached to 
freeze consumption at 1991 levels by 
January 1, 1995. Canada has already 
announced a 25 % reduction by 1998. 


Canada 
Nine provinces have regulations 
designed to prevent and reduce emis- 
sions of ozone-depleting substances. 
The remaining province and one 
territory are drafting regulations; the 
other territory is preparing guidelines. 
Refrigeration and air-conditioning 
technicians in seven provinces must 
take a training course that sensitizes 
them to the stratospheric ozone issue 
and enables them to identify and 
adopt good practices in their everyday 
work with CFCs and other ozone- 
depleting substances. To date, 53000 
people have received certification. 
The course was designed by the 
Canadian Heating, Refrigeration, 
and Air Conditioning Institute, jointly 
with Environment Canada. It is based 
on a Canadian Environmental 
Protection Act (CEPA) Code of 
Practice, which is already being 


revised. 

Nongovernmental organizations 
such as Friends of the Earth and 
the Sierra Club of Canada have 
established objectives for the protec- 
tion of the stratospheric ozone layer. 
These include eliminating the use of 
ozone-depleting substances; prevent- 
ing emissions of ozone-depleting 
substances to the atmosphere; and 
fostering environmental citizenship, 
public education, research, 
and advocacy. 

Canadian municipalities play an 
important role in protecting the 
stratospheric ozone layer by inform- 
ing consumers and influencing the 
maintenance of buildings and 
equipment, as well as the use and 
disposal of equipment. About 200 
municipalities have established 
bylaws or programs related to ozone- 
depleting substances. 


! By consumption in a given year, the 
Montreal Protocol means production 
plus imports minus exports. 
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Indicator: New Supplies o 
Ozone-depleting Substances 


¥Y New Canadian supplies of ozone- 


ENVIRONMENTAL 
CONDITION 


ECOLOGICAL AND ‘ 


F222 — 


S | 


1980 1990 


900 


(kilotonnes) 


GLOBAL CFC PRODUCTION 


depleting substances fell from its 
high point of 27.8 kilotonnes in 
1987, to 5.8 kilotonnes in 1993, 
under the influence of the 
Montreal Protocol. 


¥v This indicator includes the 
following ozone-depleting 


AN cn 


substances: chlorofluorocarbons 
(CFCs), bromofluorocarbons 


(halons), methyl chloroform, 


7 


NEW SUPPLIES 
in 


(kilotonnes expressed as CFC-11 equivalents) 


carbon tetrachloride, and 


Acre 
Nant 


GDP (1986 Can. $billions) 


hydrochlorofluorocarbons 
(HCFCs). In 1994 methyl 
bromide became a controlled 
substance under the Montreal 
Protocol. Canada will regulate 
it by freezing consumption at 
1991 levels on January 1, 1995. 


WV Manufacture of CFCs in Canada 
ceased in early 1993. Until the 


1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 


GDP: Gross Domestic Product 


Note: For Canada, new supplies are production plus importation minus exportation. 
Globally, new supplies are production only. 


Canadian sources: 
Ozone-depleting substances : Commercial Chemicals Evaluation Branch (CCEB), 


January 1, 1996, phaseout any 
new supplies of CFCs in Canada 
will be imported. 


Vv In 1993, new Canadian supplies 


of CECs were less than 1% of the 
global production. 


State of the Environment 
Reporting Program 


Environmental Protection Service, Environment Canada, Ottawa, Ontario, Canada. 
Gross domestic product (GDP): Statistics Canada, Ottawa, Ontario, Canada. 
Global source: 


E. |. Du Pont de Nemours, Wilmington, Delaware, U.S.A. in Worldwatch Institute. 1994. 
Vital Signs 1994. W.W. Norton & Company: New York. p. 65. 
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The key indicators for the issue of stratospheric ozone depletion are: New supplies of ozone-depleting substances; 


EFFECTS 
HUMAN ACTIVITY 
SOCIETAL RESPONSE 
Global atmospheric concentrations of ozone-depleting substances, and; Stratospheric ozone levels. 


Indicator: Global Atmospheric Concentrations 
Of Ozone-depleting Substances 


¥v This indicator tracks the magni- 
tude and rate of change of the 


atmospheric reservoir of the 

most abundant ozone-depleting 
substances. CFC-11 and CFC-12 
account for half of the ozone- 
depleting chlorine in the atmos- 
phere. Major uses of CFC-11 and _.-. 
CFC-12 are foam insulation, | cFC-11 
refrigeration, and air-conditioning | 
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¥v Global atmospheric concentrations 
of CFC-1] and CFC-12 have 


increased steadily since measure- 


— 


ment began in 1977. However, 


; 1977 1979 1981 1983 1985 1987 1989 1991 1993 
their growth rates have decreased 


significantly since 1989. The 


ppt: parts per trillion (10-12) 
most recent scientific assessment Notes: (i)Line breaks represent missing data; (ii) Global monthly means are based on 


suggests that the rates of buildup measurements from seven stations worldwide. 


of human-made compounds that Source: | | 
: Climate Monitoring and Diagnostics Laboratory (CMDL), National Oceanic and 
tee the stratospheric pee Atmospheric Administration (NOAA), Boulder, Colorado, U.S.A. 


layer have slowed as a direct result 
of the Montreal Protocol and its 


amendments and adjustments. to cause stratospheric ozone deple- 


v The most recent information tion long after production has 
suggests that the reservoir of CFCs ceased. It is now thought that the 
will persist in the atmosphere for period of maximum stratospheric 
up to 50 years. There is therefore ozone depletion will be around 
concern that CFCs will continue the turn of the century. 
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The key indicators for the issue of stratospheric ozone depletion are: New supplies of ozone-depleting substances; 
Global atmospheric concentrations of ozone-depleting substances, and; Stratospheric ozone levels. 


Indicator: 
Stratospheric Ozone Levels 


Vv Since 1979, there has been a 
steady decrease in the amount 
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1979 


CANADIAN 


(over three centres) 


of stratospheric ozone over the 
entire globe: a 4-6% decrease per 
decade in mid-latitudes, and a 
10-12% decrease per decade in 
higher latitudes. 


¥v After the eruption of Mount 
Pinatubo in June 1991, there was 


a further decrease, and levels sank 
to record lows in 1992 and 1993. 


340 


4. 


Edmonton 53° 33'N 
| 


Vv The effect was particularly 
320 


TOTAL OZONE (Dobson units) 


noticeable in the Antarctic, where 
the ozone hole in 1992 and 1993 
was the biggest recorded, and 


j 


seasonally averaged ozone over 


populated regions of the Northern 


1960 1965 1970 1975 1980 1985 1990 1995 


Hemisphere were the lowest 


Canadian (three centres): Measured by Brewer ozone spectrophotometer from the ground. , 
1994 measurements use data from January to August. 

Note: This graph represents long-term trends in Canadian stratospheric ozone levels. The 
effect of short-term seasonal variations and quasi-biennial oscillations of stratospheric wind 
patterns have been largely removed by statistical smoothing. See technical supplement 


ever measured. 


Y Global ozone levels are returning 
to values closer to those expected 


from longer-term downward trend 
reflecting a global recovery from 
the effect of Pinatubo. 


¥Y For the first nine months of 1994, 


total ozone levels over Toronto 
were still 3.7% below pre-1980 
levels; over Edmonton, 4.6% below; 
and over Resolute, 6.5% below. 


State of the Environment 
Reporting Program 


(SOED 94-6). 


Global: 


Measured by the Total Ozone Mapping Spectrometer (TOMS) on the Nimbus-7 and on the 
Meteor-3 satellites. 


Canadian source: 
Atmospheric Environment Service, Environment Canada, Downsview, Ontario, Canada. 


Global source: 
Laboratory for Atmospheres, National Aeronautics Space Administration, Goddard Space 
Flight Center, Greenbelt, Maryland, U.S.A.. 
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Energy 


and Fossil fuel consumption. 


This introduction provides context for 
environmental indicators of energy 
consumption both globally and in 
Canada, as identified in the cycle 
diagram. The indicators themselves 
ave presented separately. 


ISSUE CONTEXT 


Why is energy 
consumption an 
environmental concern? 
Energy, in its various forms, plays an 
essential role in our well-being. It 
fuels industry, provides heat and light 
in homes and offices, and powers 
motor vehicles. Although Canadians 
use energy in the same ways as do 
people in other industrialized coun- 
tries, on a per-person basis Canada is 
the world’s sixth highest user of ener- 
gy. Our high energy consumption can 
be attributed to a number of factors: 
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The key indicators for the issue of energy consumption are: Consumption of energy 


vast distances that encourage car use, 
a cold climate, an energy-intensive 
industrial base, and relatively 
low energy prices. 

Energy use influences all areas 
of modern society. The extent and 
nature of this use are major influenc- 
ing factors on both the environment 
and the economy. 

Energy resources play a major role 
in the Canadian economy. In 1993, 
more than 7% of Canada’s gross 
domestic product (GDP) (excluding 
gas service stations, wholesale petro- 
leum products and propane), 17% of 
gross investment, and 11% of gross 
export income were attributable to 
the production of energy. Energy 
expenditures are also a major com- 
ponent of the budgets of industry, 
governments, and individuals 
(Statistics Canada and Natural 
Resources Canada 1994). 
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Concern about energy results from 
its pervasive, ever-increasing use and 
consequent environmental effects, 
which occur throughout its life cycle: 
during exploration and production, 
during delivery to the user, at final 
consumption, and as a result of waste 
disposal. Burning fossil fuels and 
wood releases gases that affect air 
quality and contribute to acid 
rain and global climate change.(See 
also Climate Change and Urban Air 
Quality indicators, for example. ) 
Nuclear energy production releases 
waste heat into water bodies and 
generates radioactive waste that will 
remain hazardous for thousands 
of years. Damming rivers for hydro- 
electric power floods large areas of 
land and alters river ecosystems. 
Alternative energy technologies, such 
as solar and wind power, are cleaner 
but have their own side effects. 


What are we doing 
about it? 
There are two basic ways of reducing 
the impact of energy consumption. 
One is to reduce energy use, the 
other is minimize environmental 
effects associated with energy use. 
Internationally, Canada has 
signed the United Nations 
Framework Convention on Climate 
Change, with the aim of returning 
net emissions of carbon dioxide and 
other greenhouse gases not controlled 
under the Montreal Protocol to 1990 
levels by the year 2000. Other 
international protocols that have been 
signed by Canada deal with other 
pollutants that are associated with 
energy use, namely smog, nitrogen 
oxides, volatile organic compounds, 
and sulphur dioxide. Canada has 
also signed the Canada—United 
States Transboundary Air Quality 
Agreement. 


Nationally, federal and provin- 
cial /territorial governments, through 
the Canadian Council of Ministers 
of the Environment, have signed 
the Management Plan for Nitrogen 
Oxides and Volatile Organic 
Compounds with the intent of 
meeting air quality objectives for 
ground-level ozone by the year 2005. 

Under the Motor Vehicle Safety 
Act, Canada has developed as of the 
end of 1993, 9 of 20 proposed 
emission control initiatives. Canada’s 
national motor vehicle emissions 
programs are among the most 
stringent in the world. 

As part of its initial response to 
global warming, the Government of 
Canada is implementing an Efficiency 
and Alternative Energy (EAE) 
Program, which emphasizes measures 
that make economic sense in their 
own right. The program comprises 
33 initiatives that are directed towards 
greater energy efficiency and the use 
of alternative energy in all end-use 
sectors — equipment, buildings, indus- 
try, and transportation. The initiatives 
employ a variety of policy instruments: 
information, suasion, research and 
development, and regulation. 

The EAE Program encourages 
partnership with stakeholders, such 
as provinces, industry and non- 
governmental organizations. In this 
manner, the program helps the 
demand side of the energy market 
move toward more energy-efficient 
sources, production processes and 
operating practices, without reducing 
the level of service or comfort that 
energy provides. On the supply side 
of the energy market, the program 
ensures Canada’s participation in 
the development of technologies for 
tapping renewable sources of energy. 


Reference cited: 

Statistics Canada and Natural Resources 
Canada. 1994. Energy Statistics Handbook. 
Ottawa. Catalogue 11-509. 
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Indicator: 


Consumption of Energy 


Vv Total energy consumed in Canada 
increased by 2.9% during 1993. 
Since 1958, it has tripled, generally 
following the Gross Domestic 
Product (GDP) trend. 


v Energy consumed per unit of 
economic activity (GDP) in 
Canada, began to level off in the 
mid-1980s. This was due to energy 
efficient technology and energy 
conservation. It has risen slightly 
since 1990. 


Vv During the decade 1982-1991, 
(the latest decade for which aggre- 
gated data are available) global 
energy consumption increased 
by 25%. Canadian energy use rose 
by 16% over the same period. 
Hydro and nuclear were respon- 
sible for more than half of the 
Canadian increase. Both the Gross 
World Product (GWP) and the 
Canadian GDP increased by 
30% over the same decade. 


Vv Canada’s share of global energy 
consumption was 2.8% in 1982 
falling to 2.6% in 1991. 
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Notes: 
(a) EJ (exajoules) =1018 joules. One exajoule is roughly equivalent to 
28 billion litres of motor gasoline. 


(b) No global data were available from the World Resources Institute for 1990. 
(c) GDP = gross domestic product 
(d) GWP = gross world product 


Canadian source: 
Statistics Canada, Ottawa, Canada. 


Global sources: 

The World Resources Institute (WRI). 1994. World Resources 1994-1995. New York: 
Oxford University Press. 

World Bank, IMF in Worldwatch Institute Data Base Diskette — January 1995. 
Washington: Worldwatch Institute. 
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The key indicators for the issue of energy consumption are: Consumption of energy and Fossil fuel consumption. 


Indicator: 
Fossil Fuel Consumption 


¥Y Canadian fossil fuel consumption 
rose by 2.2% during 1993. 
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SOCIETAL RESPONSE 


GLOBAL 


Fossil fuel consumption (EJ) 


VW 72% of total Canadian energy 


consumption was from fossil fuels 
inelO9s: 


CANADIAN 


¥Y In Canada, natural gas use has 
been increasing while coal and oil 
have been relatively stable since 
the mid-1980s. Natural gas is the 
least polluting of the fossil fuels. 
Globally, oil is the dominant 
fossil fuel. 


Vv During the decade 1982-1991 
(the latest decade for which aggre- 
gated global data are available), 
global fossil fuel use increased 
by 20%. Canadian fossil fuel use 
rose by 7% over the same period. 


Fossil fuel consumption (EJ) 


Notes: 
(a) EJ (exajoules) = 1018 joules 


(b) No global data were available from the World Resources Institute for 1990. 

(c) The Canadian definitions of fossil fuels differ slightly from those in the 
global inset. 

Canadian source: 

Statistics Canada, Ottawa, Canada. 


Global source: 


The World Resources Institute (WRI). 1994. World Resources 1994-1995. New York: 
Oxford University Press. 
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Climate Change 


The key indicators for the issue of climate change are: Carbon dioxide emissions from 
fossil fuel use, Global atmospheric concentrations of greenhouse gases, and Global and 
Canadian average temperatures. 


This introduction provides context for A warming of this magnitude 
environmental indicators of climate could significantly alter many impor- 
change both globally and in Canada, tant climatic features, such as rainfall 
as identified in the cycle diagram. patterns and regional drought. 
The indicators themselves appear on Canada’s agriculture, forestry, and 
separate indicator bulletin sheets. energy (hydroelectricity) sectors may 
all be significantly affected. Tropical 
ISSUE CONTEXT storms of greater severity and a rise in 
sea level, caused by thermal expansion 
Why is climate change of the oceans and melting of ice caps, 
an issue? could displace millions of coastal 
Current evidence suggests that the residents worldwide as a result of 
Earth’s climate is warming. Widely flooding. Entire ecosystems could be 
accepted estimates predict that the altered as the ranges and distributions 
Earth’s average temperature might of plant and animal species change. 
increase by about 0.3°C per decade Economically, the costs to society 
during the next 100 years. The aver- could be high, although there may 
age global temperature is expected be benefits for example, increased 
to be 1°C higher than it is now by agricultural production and longer 
tourist seasons in some areas. 
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Overall, the actual impacts of 
climate change cannot be predicted 
with certainty. Although temperature 
changes during this century are 
consistent with predictions of global 
warming, they also remain within the 
range of natural variability. Phenomena 
such as the Mount Pinatubo volcanic 
eruption can have a noticeable effect 
on climate, including a lowering of 
temperatures. The El] Nino Southern 
Oscillation phenomenon, which 
occurs about twice every 10 years 
at irregular intervals, leads to a 
temporary change in regional mean 
temperatures and precipitation. 

A small group of gases, principally 
carbon dioxide, methane, nitrous 
oxide, and water vapour, helps regu- 
late the Earth’s climate by trapping 
solar energy in the form of heat. This 
is the “natural greenhouse effect.” 
Scientists have found that greenhouse 
gases act as an insulating blanket for 
the Earth’s surface. Without these 
gases, the Earth’s average surface 
temperature would be about 33°C 
lower, making the climate too cold 
to support life. 

Since the 1800s, concentrations of 
greenhouse gases in the atmosphere 
have risen substantially, owing to 
increased human activity. This has 
caused the “enhanced greenhouse 
effect.” In particular, carbon dioxide 
concentrations in the atmosphere 
have increased significantly as a result 
of the use of fossil fuels. Global defor- 
estation also increases atmospheric 
carbon dioxide levels. A felled tree 
can no longer absorb carbon dioxide; 
if it is subsequently burned, its stored 
carbon is immediately released. 

The Intergovernmental Panel on 
Climate Change (IPCC), the interna- 
tional scientific body that assesses the 
potential impacts of climate change, 
has concluded that if carbon dioxide 
emissions were maintained at today’s 
levels, they would lead to a nearly 
constant rate of increase in atmo- 
spheric concentrations for at least two 
centuries, reaching about 500 parts 


per million (approaching twice the 
pre-industrial concentration) by the 
end of the 21st century. 


What are we doing 
about it? 
The United Nations Framework 
Convention on Climate Change 
requires developed countries to take 
actions aimed at returning net emis- 
sions of carbon dioxide and other 
greenhouse gases not controlled by 
the Montreal Protocol to 1990 levels 
by the year 2000. By January 1995, 
of the 155 countries that had signed 
the agreement, 119 countries 
(including Canada) had ratified it. 
Canada is committed to the aim 
of the Framework Convention. In 
Toronto, on February 20, 1995, 
Canada’s environment and energy 
ministers approved the National 
Action Program on Climate Change 
(NAPCC). The NAPCC, which is 
designed to enable Canada to meet its 
greenhouse gas emissions target, will 
be tabled at the first Conference of 
the Parties to the Climate Change 
Convention in Berlin, in April, 1995. 
Reducing greenhouse gas emis- 
sions will require action by all sectors 
of the Canadian economy. Canadian 
utilities, which depend on fossil fuels 
for about 20% of their electricity 
output, have indicated their early 
commitment to participate in the 
Climate Change Voluntary Challenge 
Program. Their twin-track approach — 
improving the overall efficiency of 
their own generating and distribution 
system, and reaching across the meter 
to help their customers use electricity 
more efficiently — supports their belief 
that improving both supply-and 
demand-side efficiencies will provide 
benefits in all environmental areas as 
well as improving the economics of 
using energy for their customers. 
When coupled with utility activities 
internationally, this approach maxi- 
mizes participation in meeting the 
global challenge. 


Cities are also taking action on 
climate change. In 1992, Ottawa 
City Council made a commitment to 
reduce city-wide emissions of carbon 
dioxide by 20% of 1990 levels by the 
year 2005. Besides the city staff and 
the elected officials, the city’s task 
force on the atmosphere includes 
energy utilities, commercial building 
owners, local home builders and 
community and environmental groups. 
The City of Ottawa and Environment 
Canada are working together to 
develop a monitoring system to 
chart city-wide progress towards 
the 20% reduction target. 
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SOCIETAL RESPONSE 


The key indicators for the issue of climate change are: Carbon dioxide emissions from fossil fuel use, Global atmospheric 
concentrations of greenhouse gases, and Global and Canadian average temperatures. 


Indicator: Carbon Dioxide 
Emissions from Fossil Fuel Use 


VY Canadian carbon dioxide emissions 
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have generally followed trends 
in the gross domestic product 
(GDP), except in the early to 
mid-1970s following the oil 
“price-shock.” Reasons for the 
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¥ Both global and Canadian 9 | Carbon dioxide emissions ik U) 
emissions grew by 12% between cae | | ] | | ] 
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VY Canada’s share of global carbon RZSSSSZsSeRRRsSssesRSeRRSS ae 
dioxide emissions was 2.2% in 
7 We = Notes: 
1983 falling to 2.0% in 1992. (a) Canadian emissions from biological sources of carbon dioxide, (e.g., wood 
Its population is 0.56% of the burning, domestic livestock, and landfills), are assumed to be in balance with 


the natural sinks that absorb carbon dioxide (e.g., oceans and forests). 
(b) Megatonnes = millions of tonnes 


YW The United Nations Framework (c) GDP = gross domestic product 
(d) GWP = gross world product 


world population. 


Convention requires developed 
Canadian sources: 


: ee é Statistics Canada catalogue numbers 57-003, 57-207 and 57-505 (1958-1993), and 
at returning net emissions © 11-210 (1993); Jaques, A.P., Canada’s Greenhouse Gas Emissions: Estimates for 1990. 


carbon dioxide and other Report EPS 5/AP/4 (December 1992), Pollution Data Branch, Environment Canada. 


significant greenhouse gases Global sources: 

to 1990 levels by the year 2000. Carbon Dioxide Information Analysis Center, Oak Ridge, Tennessee, U.S.A. 
World Bank, IMF in Worldwatch Institute Data Base Diskette — January 1995. 
Washington: Worldwatch Institute. 
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ECOLOGICAL AND 
SOCIO-ECONOMIC 
EFFECTS 


Conn neo RESPONSE 


The key indicators for the issue of climate change are: Carbon dioxide emissions from fossil fuel use, Global atmospheric 
concentrations of greenhouse gases, and Global and Canadian average temperatures. 


Indicator: Global Atmospheric Concentrations of 


Greenhouse Gases 


¥ Carbon dioxide, the major green- 
house gas of concern, is responsi- 
ble for about 75% of the enhanced 
(i.e., human-induced) greenhouse 
effect. 


W Between 1984 and 1993, the 
global carbon dioxide concentra- 
tion in the atmosphere increased 
by 3.5%* 


Vv The global atmospheric concentra- 
tion of carbon dioxide was 28% 
higher in 1993 than in preindus- 
trial times. This present-day con- 
centration is believed to be the 
highest in the last 220 000 years. 


¥V Scientists estimate that carbon 
dioxide emissions need to be 
reduced by 60% just to stabilize 
carbon dioxide concentrations in 
the atmosphere. 


Vv Methane concentrations increased 
by 5.6% between 1984 and 1993, 
while nitrous oxide concentrations 
rose by 3.7%. The atmospheric 
concentration of methane levelled 
off in 1992 and seems to have 
increased again in 1993. 
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CARBON DIOXIDE 


, ‘Alert, NWT, Canada 


Mauna | Lea, Hawaii 


Concentration (ppmv) 


Pre-industrial CO2 concentration 
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Notes: (a) ppmv = parts per million by volume (b) ppb = parts per billion 


Carbon dioxide sources: Mauna Loa, Hawaii: Scripps Institution of Oceanography, University 
of California, California, U.S.A. Measurements taken at Mauna Loa Observatory, Hawaii. 


Alert, NWT, Canada: Atmospheric Environment Service, Environment Canada. 


Nitrous oxide and methane source: Climate Monitoring and Diagnostics Laboratory, National 
Oceanic and Atmospheric Administration, Colorado, U.S.A 


* Alert data were used to calculate the rate of change between 1984 and 1993, as an annual 


average for Mauna Loa was not available for 1993. 
Canada 
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SS RESPONSE 


The key indicators for the issue of climate change are: Carbon dioxide emissions from fossil fuel use, Global atmospheric 
concentrations of greenhouse gases, and Global and Canadian average temperatures. 


Indicator: Global and Canadian Average 
Temperatures = 


v Average global temperatures have ein | | | | | | 
increased by approximately 0.5°C Pw | | 
since 1895. ces 4 Global 99-year ; | | | | 

| nuverage | | | 

W Canada’s mean temperature | 


increased by 0.9°C between 
105 2nd 1993. 


Vv Globally, the 11 warmest years on a | hae il | | | | | | i | | 

record have occurred since 1976. ee | | | | | | | | | | | | | 
¢ | | | | | | | | 1 eee, | 

¥v Although the overall trend in | | | | | | | | | | | | — S-year ier 
Canada has been that of warming, | | | pease 
parts of the east coast have experi- | | am) | 
enced cooling since about 1950. = aa aie : 
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Canadian source: 
Atmospheric Environment Service, Environment Canada. 


Global source: 
University of East Anglia, United Kingdom. 
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Sustaining, 


Canada’s Forests: 
Timber Harvesting, 


The key indicators for the issue of timber harvesting are: Timber harvest levels; Natural 
disturbance trends; Economic value of harvesting; and Regeneration after harvest. 


IGS 


The indicators of timber harvesting 245 million hectares are capable of 
in Canada, identified in the cycle producing commercially valuable 
diagram, are part of a national set timber (known as “timber productive 
of environmental indicators designed forest”), about 119 million hectares — 
to provide a profile of the state of one-quarter of Canada’s total forested 
Canada’s environment and measure landscape — are currently accessible 
progress towards sustainable develop- and actively managed for timber pro- 
ment. They are consistent with the duction. Each year, about 0.8% of this 
indicators of sustainable forest man- accessible forest is harvested, removing 
agement developed by the Canadian an average of 165 million cubic 
Council of Forest Ministers. metres of wood and contributing 
about $95 per cubic metre to 


ISSUE CONTEXT Canada’s Gross Domestic Product. 


& The state of the timber productive 
Cang SfOrests cover some forest is affected by harvesting as well 
- iibt ‘on hectares — almost half as by forest management practices to 

’s land area. Although improve timber yields, such as tree 
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planting, fire management, and insect 
and disease control. Direct effects can 
include soil compaction and erosion, 
habitat alteration, and changes in 
species composition and age-class 
distribution. Indirect effects include 
altering the natural cycles of insect, 
disease, and fire disturbances, that 
have historically had an important 
influence in many Canadian forests. 
Foresters and environmentalists 
alike have expressed growing concern 
over the last two decades about the 
economic, environmental, and socio- 
logical implications of changes in the 
state of Canada’s forests. Are forests 
being managed to ensure a long-term 
supply of timber? Are timber harvest- 
ing and related management practices 
impairing the forest ecosystem’s 
capacity for renewal? Will Canada’s 
forests continue to provide the wide 
range of benefits and values that 
Canadians desire, in perpetuity? 


The indicators selected to help 
answer these questions about timber 
harvesting are based on the best avail- 
able information at a national level. 
They characterize human activity, 
environmental condition, socio- 
economic effects, and societal response 
(see cycle diagram). However, no 
rigorous objectives or standards are 
available at this time by which to 
judge the changes and trends repre- 
sented by these indicators or to assess 
whether Canada is moving closer to 
sustainable forest management. As the 
concept and practice of sustainable 
forest management in Canada evolve, 
so too will our ability to track trends 
in the forest ecosystem and to apply 
objectives or standards by which to 
evaluate these trends. 


This bulletin is one of three 
planned for reporting indicators on 
Sustaining Canada’s Forests. The 
other two bulletins will examine 
the conservation of biodiversity in 
Canada’s forest ecosystems, and non- 
timber uses and values of the forest. 
The accompanying Overview 
describes the range of products, 
services, and values provided by 
forests and defines “sustainable 
forest management.” Other indicator 
bulletins, such as those focusing on 
biodiversity and acid rain, will con- 
tribute to tracking changes in the 
forest ecosystem. 
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A TECHNICAL SUPPLEMENT TO THIS 
BULLETIN IS ALSO AVAILABLE. 


The indicators in this bulletin will be 
updated annually except for Natural 
Disturbance Trends, which will be updated 
as data are made available (3-5 years). 


Aussi disponible en francais sous /e titre: 
Le maintien des foréts du Canada : 
la récolte de bois 


Published with the Authority of the 
Minister of the Environment, Minister of 
Public Works and Government Services of 
Canada, 1995. 
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Indicator: Natural disturbance trends 


Fire and insects are natural features of forests and play important roles in the health, species diversity, and renewal of 
forest ecosystems. Thus, forest management practices to control fire and insects may affect these natural ecosystem processes, 
changing forest structure and function. This indicator tracks the change in total forestland area affected by fire and insects 
in four of the main forested ecozones. 
Natural disturbance trends (1930-1992) 
Y Fire prevention and suppression 
in the Pacific Maritime, Montane = 
Cordillera, and Atlantic Maritime 
ecozones have greatly reduced the 


Pacific Maritime 


area affected by fire. In fact, since 
the 1950s, harvesting has replaced 
fire as the major disturbance in the 
two western ecozones. 


¥W In the Montane Cordillera, the most 
significant outbreak of mountain 


0.02 pe e + —_——— oe 


pine beetle, an insect that targets 


0.01. $$ 


lodgepole pine, started during the 


Area affected (million hectares) 


early 1970s and increased rapidly in — 
the early 1980s. Chemical controls 0:00 —— ———— = ; 
and salvage cutting were used to 


1930 
1940 
1950 
1960 
1970 
1980 
1990 
1992 


minimize the spread of the beetle. 


Montane Cordillera 
Notes: 


(a) Minimal insect disturbances were recorded RN = 
in the Pacific Maritime ecozone. 


(b) Fire data represent a 10-year running 
average; insect data are based on annual 
area affected. 


0.40 —— aa a a ~~ _ 


Mountain pine beetle —____» 
Sources: 2 
ESSA Technologies Ltd. 1993. The State of 
Canada’s Forests: Indicators of Disturbance 
in Canada’s Forested Ecosystems. Report 
prepared for Natural Resources Canada, 
Canadian Forest Service and Environment 
Canada, State of the Environment 
Directorate, Ottawa, Ontario, Canada. 


Natural Resources Canada, Canadian Forest 
Service, Ottawa, Ontario, Canada. 
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Timber Harvesting 
Indicator: Natural disturbance trends 


VY Spruce budworm is the major 


Area affected (million hectares) 


insect affecting the spruce-fir Boreal Shield § 3 3 

Atlantic Maritime ecozones. The | | 
in the mid-1970s and has declined § | 
in recent years. Chemical and é 
biblogiedameeere ries Meee E a0 a edeeorac Say (a ea | 
used to control timber losses since £ ricg | 
the late 1960s. Current management 2 ” “Geeinset) |\ /\ 

responses include harvesting = 

damaged stands and protecting ce Mw 

high-risk areas using biological . 

control agents. Sse; 


1930 


Notes: 


(a)”Area affected” by spruce budworm refers 
to moderately to severely defoliated 
forests; however, successive years of 
defoliation are required to kill a tree, 
depending on the tree species and other 
factors. Trees infested with mountain 
pine beetle usually start to die the 
year following the attack. 


(b) Fire data represent a 10-year running 
average; insect data are based on annual 
area affected. 


Sources: 


ESSA Technologies Ltd. 1993. The State of 5 a A aa a ag — 
Canada’s Forests: Indicators of Disturbance 
in Canada’s Forested Ecosystems. Report 
prepared for Natural Resources Canada, 
Canadian Forest Service and Environment 
Canada, State of the Environment 
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Directorate, Ottawa, Ontario, Canada. 3 
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Indicator: Timber harvest levels 


Timber harvesting and related forest management activities can have a major 
impact on forests and are the focus of much public concern. Provincial forest 
management agencies are responsible for minimizing the environmental 
impacts of harvesting on public lands; such measures are evolving in response 
to changing public values. This indicator characterizes the magnitude of 
timber harvesting and provides a context within which to consider the other 
indicators selected to cover this issue. 


Annual volume of 
timber BBINese losses 


Annual area of 
timber harvest 
(1920-1992) 
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¥v In 1992, about 930 000 ha of 
forest were harvested, representing 
0.4% of Canada’s total timber 
productive forest and 0.8% of the 


accessible and actively managed 


= 
° 
So 
o 


timber productive forest. An esti- 
mated 90% of the area harvested 
each year has not previously been 


oo 
[=] 
o 


commercially cut. 


fo) 
°o 
So 


Vv Harvesting includes both selection 
cutting and clear-cutting: close to 
90% of Canada’s timber harvest is 
carried out by clear-cutting. 


Area (thousand hectares) 


> 
°o 
o 


Y Both area and volume of wood 
harvested peaked in the late 1980s 
at levels double those of the 
1950s. Since 1990, the economic 


Notes: 
recession has reduced harvesting to (a) Area of harvest includes Crown and private land. 


roughly mid-1980 levels. (b) Volume of harvest includes industrial roundwood, fuelwood and firewood. 
- Sources: 
v y vary sub- 
aan bias cee : 2 ESSA Technologies Ltd. 1993. The State of Canada’s Forests: Indicators of Disturbance 
stantially from this national picture. in Canada’s Forested Ecosystems. Report prepared for Natural Resources Canada, 
Canadian Forest Service and Environment Canada, State of the Environment 
ae A 
Be) saa ieee ay reas wg aes Directorate, Ottawa, Ontario, Canada. 
harvested tripled in the Pacific Natural Resources Canada, Canadian Forest Service, Ottawa, Ontario, Canada. 


Maritime ecozone (from 12 000 
to over 40 000 ha), and increased 
in the Montane Cordillera ecozone 


from 7 000 to 135 000 ha. 
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Vv The forestry sector GDP closely 


paralleled the volume of wood 
harvested between 1961 and 
1992. This suggests that the 
value-added to the raw wood 
through manufacturing processes 
has remained fairly constant. 


Vv Softwood species (e.g., pine, spruce) 


account for more than 90% of 
Canada’s timber harvest (see inset). 
The hardwood component (e.g., 
poplar, maple) of the annual harvest 
has been increasing steadily since 
the mid-1980s, a trend that is 
expected to continue to meet pulp 
mill demand. 


Vv The national picture of “allowable 


annual cut” (AAC) and harvest 
levels (see inset) suggests that 
there may be room to increase 
harvests in the future. In some 
regions, however, the harvest has 
reached the AAC; in others, local 
timber supply shortages already 
exist. 


Y It is projected that AACs will be 


lower in the future. This is because 
there will be fewer high-volume 
mature forests available for 
harvesting, and because more 

land may be set aside for 
nontimber uses. 
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Indicator: Economic value of harvesting 


Forestry sector Gross Domestic Product (GDP) is a measure of the economic wealth 
generated by forestry sector industries (eg., logging, forest services, wood and 
paper industries). This indicator tracks the forestry sector GDP in relation to the 
volume of wood harvested in Canada. This relationship highlights the economic 
consequences of volume changes, and shows the extent to which the forestry sector 
has or has not diversified into products with higher added value. 


Softwood/hardwood AAC 
and harvest (1984-1992) 
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Notes: 


(a) Provincial/territorial governments regulate harvest volumes through the allowable 
annual cut” (AAC), which defines the maximum level of harvest consistent with a 
sustainable supply of timber. The AAC was adjusted in 1990 to include private land. 


(b) Volume of harvest includes industrial roundwood only: fuelwood and firewood 
are not included. Volume data include Crown and private land. 


Source: 
Natural Resources Canada, Canadian Forest Service, Ottawa, Ontario, Canada. 
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Timber Harvesting <>) 


Indicator: Regeneration after. harvest 


The public ts concerned that forests are disappearing because trees are not being 
replaced as rapidly as they are being cut. This indicator shows the relative success 
of replacing commercial timber after harvesting. Delays in regenerating 
harvested areas to commercial species can reduce the long-term timber supply. 
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Vv The total area successfully 
regenerated increased 10-fold 


Cumulative area 


Area (thousand hectares) 


between 1975 and 1992, while the Regenerate to — oe 
commercial species ee 
area not susensully regenerated (1975-1992) g 2 g 
peaked at 2.9 million hectares 
wl991. Successfully regenerated 
; SON 102 AERTS 
¥ An intensive planting effort in the EERE 1991 GRIER e eRe 
CAM 100 
1980s concentrated on reforesting SUGEN 109 EE 
SOM 19:8 IR 
the backlog of areas that had SRO 1997 eS 
Se ee 
not regenerated, and probably RS 1985 EARN 
: ESE 1964 RRA 
accounts for the increase in area SORE 1993 SECURE 
SS en 
successfully regenerated in 1992 SG 1981 So 
; SSE? 1980 MORERIDNSAII 

(see inset). GREE 1979 HALA 

8G 1978 Eee 

Vv Today, foresters generally rely on SS ee 
two-thirds of the harvested area > 05 EE ___§__—_. 
mn Ae SON 665010; Sa ao wea, ae 

” pee erate panutaly: Area (million hectares) 


Note: Data on regeneration represent Crown land only. 


Source: 
Natural Resources Canada, Canadian Forest Service, Ottawa, Ontario, Canada. 
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Overview SOE Bulletin No. 95-4 Summer 1995 


NOP 655 
WHY ARE CANADA'S FOREST6\s PORTANT? 


Canada’s forests, which represent 10% of the world’s forests, cover nearly half of the Canadian 
ndscape — some 418 million hectares. Forests are a dominant feature of Canada’s economy, 
. cMbeure, traditions, and history and are an integral part of our natural environment and life 
SUNPONE systems. 
i 5 


About two-thirds of Canada’s terrestrial species are found in our forests or are dependent 
on forest habitat. 


V Forests produce oxygen and remove carbon dioxide — a gas that contributes to global 
warming — from the atmosphere. Forests also purify water, moderate climate, stabilize 
soil, and regulate water flow. 


¥ In 1994, the forestry sector contributed $19 billion to Canada’s Gross Domestic Product 
and provided more than 339 000 direct jobs. Over 300 rural communities are heavily 
reliant on forestry sector industries. 


V Canada is one of the world’s largest suppliers of wood products. Forest exports con- 
tributed over $22 billion to the country’s net balance of trade in 1993 — more than 
the energy, mining, and agriculture sectors combined. 


V Forests provide wilderness areas for the cultural, spiritual, and recreational benefit of all 
Canadians and visitors to Canada, and they support a multibillion-dollar recreation and 
tourism industry. 


Clearly, Canadians depend on their forests for a wide range of services, products, and 
values, The key to sustaining these multiple uses and values and hence fulfilling the demands 
of present and future generations of Canadians is the maintenance of forest ecosystems. 
How can forest management meet these demands while maintaining the health, diversity, 
and productive capacity of Canada’s forests? 


The need for sustainable forest management 


Sustainable forest management is the process of managing human activity without diminishing 
the forest ecosystem’s capacity for renewal while considering the resource values and time 
frames of concern to the public. Sustainable forest management provides for today’s 
population while ensuring that future generations will be able to meet their needs, 


SI7 


State of the Environment a ten 
Reporting Program A Canada 


One step in the direction of sustainable forest management 
in Canada was the development of the National Forest Strategy, 
released in 1992. The strategy, which identified 96 actions to 
achieve sustainable forest management, was endorsed by federal, 
provincial, and territorial governments as well as nongovernmental 
organizations and industry representatives concerned with the 
multiple uses and diverse values of Canada’s forests. Under the 
Model Forests Program, Canada is currently testing approaches 
to sustainable forest management in 10 sites across the country. 


Indicators of sustainable forest management 


One of the action items in the National Forest Strategy was a 
commitment by the Canadian Council of Forest Ministers (CCFM) 
to develop a comprehensive system of national indicators to measure 
and report regularly on progress in achieving sustainable forest 
management. Thus, the CCFM has developed, through a multistake- 
holder process, a framework of six criteria and related indicators: 
conservation of biological diversity, maintenance and enhancement of 
forest ecosystem condition and productivity, conservation of soil and 
water resources, forest ecosystem contributions to global ecological 
cycles, multiple benefits to society, and acceptance of socicty’s 
responsibility for sustainable development. 

As part of its mandate to develop a national set of environmental 
indicators, Environment Canada — in cooperation with the Canadian 
Forest Service — is developing indicators related to Sustaining, 
Canada’s Forests, using the CCFM indicators. Environment Canada 
plans to release three bulletins on the subject of Sustaining Canada’s 
Forests. The first covers timber harvesting in general, in response to 
public concern about its effects on Canada’s forest ecosystems and 
their capacity to provide the wide range of benefits and values thar 
Canadians desire. It presents indicators of the magnitude of the har- 
vest, its sociocconomic implications, and changes to the ecosystem 
The next nwo will look at the conservation of biological diversity in 
forest ecosystems, and the nontimber uses and values of forests, such 
as recreation, wildlife habitat, and ecological cycles and processes. 
Several indicators in these three bulletins will highlight trends by 
ecozone (see map). 


The concept of 
sustainable forest 
management in Canada 
The concept of sustainable 
forest management in Canada 
is based on the following 
principles: 
Y managing forests as 
ecosystems; 


¥V_ integrating environmental, 
socioeconomic and cultural 
benefits and values, and 
institutional arrangements 
to formulate and implement 
appropriate policies and 
programs and to monitor 


their effectiveness; 


Vv mi 


mizing impairment 

and avoiding unacceptable 
disturbance to forest eco- 
systems as a result of human 
activity within forests 

(e. 
ing practices) and outside 


inappropriate harvest- 


forests (e.g,, airborne 
pollutants); and, 


V_ involving Canadians in 
determining how their 
forests are used. 


As Canada develops concepts, tools, and techniques for practis- 
ing sustainable forest management, our capacity for developing and 
refining meaningful indicators will be improved. For example, forest 
inventories to collect ecosystem data related to biodiversity and sus- 
tainability — called for under the National Forest Strategy — may 
support future indicators at the landscape level (¢.g., forest struc- 
ture, connectedness of forest types) and at the site level (e.g., soil 
compaction, loss of organic matter). As our knowledge base 
expands, other elements of sustainable forest management, such as 
ecological classification or public participation in forest management, 
may also be addressed. 


TERRESTRIAL 

ECOZONES 

OF CANADA 
Legend 
Arctic Cordillera 
Northern Arctic 


Southern Arctic 
Taiga Plains 

Taiga Shield 
Boreal Shield 
Atlantic Maritime 
Mixedwood Plains 
Boreal Plains 
Praires 

Taiga Cordillera 
Boreal Cordillera 
Pacific Maritime 
Montane Cordillera 
Hudson Plains 


Beasyum 


= 
State of the Environment Directorate, 2500 41250 km 
Environment Canada, 1995 
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Stratospheric ozone 
depletion continues to 


be an issue 


Stratospheric ozone acts as a natural 
filter by shielding the earth’s surface 
from extreme intensities of the sun’s 
ultraviolet (UV) rays. Depletion of 
stratospheric ozone has been linked to 
increased levels of ultraviolet-B (UV-B) 
radiation over Antarctica, Australia, and 
New Zealand, as well as Canada and 
mountainous regions of Europe. 
Research is ongoing to document these 
lwl@eover time. Once sufficient 
Srefaforing data are available they could 
ort she development of an indicator. 


fal Indicator Ser 


BOE Bulletin No. 95-5 Fall 1995 


Fall 1995 update 


Stratospheric 
Ozone Depletion 


Environmental indicators are selected key statistics that provide information on significant 
trends in the environment, natural resource sustainability, and related human activities. The 
indicators in this bulletin are part of a national set of environmental indicators designed to 
provide Canadians with a profile of the state of Canada’s environment and a way of 
measuring progress towards sustainable development. 


Excessive exposure to UV-B 
radiation is known to cause sunburn and 
has been linked to skin cancer, 
depression of the immune system, and 
to an increased risk of developing 
cataracts in humans. In susceptible (fair- 
skinned) individuals, UV-B radiation 1s 
the critical factor that leads to the 
development of nonmelanoma skin 
cancer. It is believed that a sustained 1% 
decrease in stratospheric ozone will 
result in a 2% increase of nonmelanoma 
skin cancer. 

Increased UV-B may reduce crop 
yields and disrupt marine food chains. 
As well, scientists have concluded that 
high UV-B levels can affect animals in 
their early developmental stages. 


What are the links? 


State of the Environment 
Reporting Program 


Oke issue of stratospheric ozone depletion can be represented by a cycle of human activities/ 
sources, stresses on the environment, changes in the condition of the environment, ecological 
and socio-economic effects, and societal response as illustrated in the cycle diagram. Key 
indicators of stratospheric ozone depletion are: New supplies of ozone-depleting substances; 
Global atmospheric concentrations of ozone-depleting substances; Stratospheric ozone levels. 
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L.. ENVIRONMENTAL 
zx CONDITION 
STRESS | 
Stratospheric ozone 
Global atmospheric concentrations 
of ozone-depleting substances 


ECOLOGICAL AND 
SOCIO-ECONOMIC EFFECTS 


HUMAN ACTIVITY (No indicator at present) 


New supplies of ozone-depleting 
substances 


SOCIETAL RESPONSE 


(No indicator at present) 
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What are the causes of 


ozone depletion? 


The thinning of the ozone layer 1s 
related to both natural and human- 
produced factors. Natural factors 
include the quasi-biennial oscillation of 
stratospheric winds which occurs 
approximately once every 2.3 years, and 
the 11-year sunspot cycle. Stratospheric 
ozone is created by UV rays coming 
from the sun; thus the sun’s output 
affects the rate at which ozone 1s 
produced. Since the 1960s, observation 
of the sunspot cycles reveals that total 
global ozone levels should not decrease 
by more than 1-2% from the maximum 
to the minimum of a typical cycle. 

However, the long-term changes 
in ozone observed by scientists reveal 
a downward trend much larger than 
1-2% indicating that there are other 
factors at work. 

The manufacture and release of 
ozone-depleting substances (ODSs) 
namely, chlorofluorocarbons (CFCs), 
bromofluorocarbons (halons), methyl 
chloroform, carbon tetrachloride, 
methyl bromide, and 
hydrochlorofluorocarbons (HCFCs) are 
linked with the overall thinning of the 
ozone layer, and the trends are tracked 
by the indicator New supplies of ozone- 
depleting substances. These ODSs, are 
used 1n air conditioning, refrigerants, 
foams, aerosols, solvents, and fire 
extinguishers. The long atmospheric 
lifetimes of ODSs allow them to 
penetrate the stratosphere, where they 
eventually break down, releasing ozone- 
depleting chlorine and bromine. For 
example, it has been estimated that 
human-produced methyl bromide may 
have been responsible for up to 10% of 
the current observed global ozone 
losses. The indicator Global 
atmospheric concentrations of 
ozone-depleting substances tracks these 
trends. 
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What is the Antarctic 


ozone hole? 
In 1985, the world was introduced to > 
the discovery of a thinning layer or 
“hole” in the ozone layer over 
Antarctica. Stable wind patterns during 
the Antarctic winter cause polar 
stratospheric clouds to form. These, 
coupled with ozone-depleting 
substances, can dramatically accelerate 
the process of ozone destruction, 
causing a “hole” to develop. The ozone 
“hole” forms during each southern 
hemisphere spring (September/ 
October) when the polar air is the 
coldest and the sun 1s just returning. As 
the sun warms the atmosphere, the 
stratospheric clouds disappear and 
ozone depletion slows down. In 1994, 
the “hole” showed an ozone loss of 
about 65% and its edges reached > 
beyond the Antarctic continent to the 

tip of South America. The unique 
meteorological conditions of the 

Antarctic are unlikely to occur in the 
Canadian Arctic, yet springtime losses 

of up to 15% are occurring over the 

North Pole. 


Do volcanoes affect the 


ozone layer? 

In June 1991, Mount Pinatubo 

(Philippines) erupted, injecting large > 
quantities of sulphate aerosols into the 
stratosphere. These aerosols provided 
more surface area on which chemical 
reactions could take place, and 
accelerated the ozone depletion caused 
by human-made chlorine and bromine 
compounds. The indicator Stratospheric 
ozone levels, which 1s based on satellite 
measurements shows that during the 
year following the eruption, ozone 
levels dropped to record low values. 
The sulphate aerosols injected by > 
Mount Pinatubo into the stratosphere 

were largely responsible for the 

increased depletion of the ozone layer. 

The volcano’s effect is now 

diminishing. 


What is being done 
about the problem? 


Most new cars with air 

conditioning manufactured in 4 
Canada are now fitted with 
hydrofluorocarbon air conditioning 
systems that use HFC-134a 
(hydrofluorocarbon-134a). HCFCs 

and HFCs have been introduced to 
replace CFCs. On average, HCFCs 
have about 5% of the ozone- 

depleting potential of CFCs. 


Recovery and recycling regulations 
for ODSs are in place in 9 of the 
10 provinces, while Newfoundland 
and Yukon are in the process of 
drafting regulations. Guidelines are 
being prepared in the Northwest 
Territories. 


On August 10, 1995, the Zer-O- 
Zone project was launched at 
Winnipeg City Hall. The project, 
which is an initiative of the Sierra 
Club, is intended to foster public 
awareness of and support for 
Manitoba’s Ozone Protection 
Regulation. 


Canada has established bilateral 
agreements for ODS technology 

and information transfer with 

China, Brazil, and Venezuela. é 


Canada’s ODS phaseout plan, 
developed as a result of the 
Montreal Protocol in 1987, has 
accomplished many of its goals 
already. 


Today, over 150 countries have 
ratified the Protocol which agrees 
to control ODSs. All new supplies 
of ODSs, except HCFCs and 
methyl bromide, will be phased out 
starting January 1, 1996. 


A Multilateral Fund has been set up 
by industrialized countries under 
the Montreal Protocol to assist 
developing countries in the 
phaseout of controlled substances. 


For further information please contact: 
State of the Environment Directorate 
Environmental Conservation Service 
Environment Canada 
Ottawa, Ontario 
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GWP (1987 US $trillions) 


> Under the influence of the Montreal Protocol, CANADIAN 
new supplies of ozone-depleting substances in 
Canada fell from a high point of 27.8 kilotonnes 


in 1987 to 5.7 kilotonnes in 1994. 


> New supplies of halons were phased out in 
January 1994; and those of carbon tetrachloride 
at the beginning of 1995 (except for feedstock 
and laboratory use). Supplies of CFCs and methyl 
chloroform will be phased out at the beginning of 
1996 (except for essential uses). 


Global CFC production (kilotonnes) 


NEW SUPPLIES 
(kilotonnes expressed as CFC-11 equivalents) 


GDP (1986 Can. $billions) 


> Manufacture of CFCs in Canada ceased in early 
1993. Until the January 1, 1996 phaseout date, 
any new supplies of CFCs in Canada will be 
imported. More attention is now being focused 
on the substitute compounds HCFCs, which also GDP: Gross Domestic Product 


0 
1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 


deplete stratospheric ozone, although much less GWP: Gross World Product 
than CFCs. 
ae Note: For Canada, new supplies are production plus importation minus 
P Canada has regulated the pesticide methyl exportation. Globally, new supplies are production only. The global indicator 
bromide by freezing consumption at 1991 levels includes CFC-11 and CFC-12, and more recently CFC-113, CFC-114, CFC-115, and 


itl i - | Z -depleting substances: 
as of Januarv 1. 1995. In addition, Canada will HCFC-22. Canadian totals include the following ozone-dep g 
J ee 4 chlorofluorocarbons (CFCs), bromofluorocarbons (halons)(1979-1993), methyl 


9 
reduce consumption by 25% by January pide chloroform, carbon tetrachloride, and hydrochlorofluorocarbons (HCFCs) 
> Global CFC production in 1994 was down by 


77% from. its peak in 1988. aorces: | ae 
: Canadian ozone-depleting substances : Commercial Chemicals Evaluation Branch 
> Although CFC use in developing countries stood (CCEB), Environmental Protection Service, Environment Canada, Ottawa, Ontario, 
at half that of the United States in 1992', their Canada. Canadian gross domestic product (GDP): Statistics Canada, Ottawa, 
consumption of ozone-depleting substances is Ontario, Canada. 
rising at approximately 3-7% per year’. Global ozone-depleting substances: E.|. Du Pont de Nemours, Wilmington, DE, 
: : U.S.A. in: Brown, L., N. Lenssen, and H. Kane, Vital Signs 1995, Worldwatch 
P In 1994, new supplies of CFCs in Canada were Institute, W.W. Norton & Company, Inc., New York, NY, p. 63 (1995). Global gross 
less than 1% of the global production. world product (GWP): World Bank, International Monetary Fund, in: Brown, L., 


N. Lenssen, and H. Kane, Vital Signs 1995, Worldwatch Institute, 
W.W. Norton & Company, Inc., New York, NY, p. 71 (1995) 


‘Brown. L., N. Lenssen, and H. Kane, Vita! Signs 1995, Worldwatch Institute, W.W. Norton & Company, Inc., New York, NY (1995) 


2Dr. S. Anderson, Co-Chair, UNEP Technical and Economic Assessment Panel, personal communication (1995) 
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Stratospheric , = 
Ozone Depletion “2 ¥- 


This indicator tracks the magnitude and rate of change of the atmospheric reservoir of the most abundant ozone-depleting 
substances. CFC-11 and CFC-12 account for half of the ozone-depleting chlorine in the atmosphere. 


Indicator: Global Atmospheric Concentrations 
of Ozone-depleting Substances 


~ Since measurements began in 1977, 
global atmospheric concentrations of 
CFC-11 and CFC-12 have been 
increasing. However, growth rates 
have decreased significantly since 
1989 demonstrating the expected 
impact of the Montreal Protocol and 
its amendments and adjustments. 
CFC-11 concentrations may be 
reaching their maximum atmospheric 
levels. 


> If trends continue, total CFC levels in 
the atmosphere are expected to peak 
by the end of the decade and then 
begin to decline slowly. 
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> However, the most recent 
information suggests, that the 
reservoir of CFCs contributing to the 
Antarctic ozone hole will persist in 
the atmosphere for up to 50 years. 
CFCs are common chemicals used in 


foam insulation, refrigeration, and air Source: 
conditioning. Elkins, J.W., et al. Decrease in the growth rates of atmospheric chlorofluorocarbons 


ee mid-1990, methyl chloroform, 11 and 12, Nature, 364: 780-783 (August 1983). 
another ozone-depleting substance, 
(used in foam blowing, adhesives, 
solvents, and as a propellant in some 
inhalers used by asthmatics), became 
the first restricted halocarbon to show 
a decrease in atmospheric 
concentrations. 


ppt: parts per trillion (10°'”) 
Notes: (i)Line breaks represent missing data; (ii) Global monthly means are based on 
measurements from seven stations worldwide. 
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National Environmental Indic 


ENVIRONMENTAL 
CONDITION 


tratospheric 
Ozone Depletion “~ 


SOCIETAL RESPONSE 


Indicator: Stratospheric Ozone Levels 


P For the first six months of 1995, total 
stratospheric ozone levels in Canada were 
still 9.53% below pre-1980 levels. In 
1994, levels were actually high compared 
with the last eight years. The likely reason 
is meteorological variation. 


> This summer (1995), the overall 
Canadian average ozone depletion was 
6.2% — compared to the low point 
Of 72570 in 1993. 


PB Since 1979, there has been a decrease in 
the amount of stratospheric ozone over 
the entire globe: a 46% decrease per 
decade in mid-latitudes, and a 10-12% 
decrease per decade in higher latitudes. 


Annual average total ozone for Canada and the world 
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> The eruption of Mount Pinatubo, in June 
1991, caused a further decrease and levels 
sank to record lows in 1992 and 1993. 


> The effect was particularly noticeable in 
the Antarctic, where the ozone hole in 
1993 was the largest recorded. In 1993, 
seasonally averaged ozone over populated 
regions of the Northern Hemisphere was 


Notes: 
(i) The Canadian levels are measured from the ground using Brewer ozone 
spectrophotometers. Starting this year, the ozone data are presented in annual averages 


to facilitate direct comparison with the global data. 
ii) The global levels are measured using the Total Ozone Mapping Spectrometer (TOMS) 
on the Nimbus-7 (1979-1992), and the Meteor-3 (1992-1993) satellites. 


Canadian source: 


the lowest ever measured. Global satellite 
data are so far available only up to 1993. 


Global stratospheric ozone levels are 
returning to values closer to the expected 
longer-term downward trend, reflecting a 
global recovery from the effect of 
Pinatubo. However, the area of the 
Antarctic ozone hole has continued to 
increase. 
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Atmospheric Environment Service, Environment Canada, Downsview, Ontario, Canada 


Global source: 
Laboratory for Atmospheres, National Aeronautics and Space Administration, Goddard 
Space Flight Center, Greenbelt, MD, U.S.A. 
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